August 1997 « NREL/TP-550-23124b

Home Energy Rating System
Building Energy Simulation Test
for Florida

(Florida-HERS BESTEST)

Volume 2
= click Here for Tier 1 and Tier 2 Tests
J Voumet Reference Results

Click Here for
=
Jome2 Ron Judkoff

Supporting Files
Joel Neymark

’ts\\

\',,/N?

National Renewable Energy Laboratory

1617 Cole Boulevard

Golden, Colorado 80401-3393

A national laboratory of the U.S. Department of Energy
Managed by Midwest Research Institute

for the U.S. Department of Energy

under contract No. DE-AC36-83CH10093



Margaret M Stenzel
Click Here for
Volume 1

Margaret M Stenzel
Click Here for
Volume 2
Supporting Files

http://www.nrel.gov/docs/legosti/fy97/23124a.pdf
http://www.nrel.gov/docs/legosti/fy97/23124bdisk.exe

NREL/TP-550-23124b

Home Energy Rating System
Building Energy Simulation Test
for Florida

(Florida-HERS BESTEST)

Volume 2
Tier 1 and Tier 2 Tests
Reference Results

Ron Judkoff
Joel Neymark

’ts\
;H;N'\'

National Renewable Energy Laboratory

1617 Cole Boulevard

Golden, Colorado 80401-3393

A national laboratory of the U.S. Department of Energy
Managed by Midwest Research Institute

for the U.S. Department of Energy

under contract No. DE-AC36-83CH10093

Prepared under Task No. 0796.5503

August 1997




Acknowledgments

This document was prepared with funding from the NREL STEP-2 Program and the NREL FIRST
program. We appreciate the efforts of Carol Tombari and David Ginley for coordinating those programs.

Additionally, we would like to thank current and past Department of Energy (DOE) program managers
for the original HERS BESTEST project, including Jean Boulin, Lou Divone, Mary Margaret Jenior,
Jake Kaminsky, Robert Mackie, and John Paul Reese.

This work is divided into two volumes. Volume 1 contains the test cast specifications and is a user’s
manual for anyone wishing to test a computer program. Volume 2 contains the reference results and
suggestions for accrediting agencies on how to use and interpret the results.

NOTICE

This report was prepared as an account of work sponsored by an agency of the United States
government. Neither the United States government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any specific commercial
product, process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United States government or any
agency thereof. The views and opinions of authors expressed herein do not necessarily state or reflect
those of the United States government or any agency thereof.

Available to DOE and DOE contractors from:
Office of Scientific and Technical Information (OSTI)
P.O. Box 62
Oak Ridge, TN 37831

Prices available by calling 423-576-8401

Available to the public from:
National Technical Information Service (NTIS)
U.S. Department of Commerce
5285 Port Royal Road
Springfield, VA 22161
703-605-6000 or 800-553-6847
or
DOE Information Bridge
http://www.doe.gov/bridge/home.html

LY
'." Printed on paper containing at least 50% wastepaper, including 10% postconsumer waste



Table of Contents

Page
VOLUME 2

List of Tables .. ... .. iv
LSt Of FagUIES . ..ottt ettt e e \
Abbreviations and Acronyms for Volume land Volume 2 .................................... vi
3.0 Final Results from Reference Programs: Tablesand Graphs ............................... 1
3.1 Comparing with HERS Programs that Designate Heating and Cooling Seasons ............ 2
3.2 Example Pass/Fail Criteria ............... ...ttt 2
3.3 Discussionof Selected Results ............ ... .. i 2

3.3.1 Detailed Ground Coupling Analysis Results for Cases L302B,
L304B,L322B,and L324B . . .. ...ttt e e 2
3.3.2 Additional Basement Results for One- and Two-ZoneModels ..................... 3
3.3.3 Exterior Surface CoefficientEffects .............. ... ... .. ... ... ... 3
3.4 Tier 1 Reference Results . .. ...... ...ttt i 5
35 Tier2Reference Results .. ... .o oo 17
References, Volume 1 and Volume 2 . ... ... o it e 25

iii



3-1.

3-2.

3-3.

34,

3-7.

3-8.

List of Tables

Page

Florida-HERS BESTEST Tier 1 Reference Results—Annual Heating and Sensible

Cooling Loads for Orlando, FL . ... ... ... .. i it 12

Florida-HERS BESTEST Tier 1 Reference Results—Delta Annual Heating and Sensible

Cooling Loads for Orlando, FL . . .. ... .. .. 13

Florida-HERS BESTEST Tier 1 Reference Results—Monthly Heating Loads

for Cases L100A through L202A forOrlando, FL ............... ... i, 14

Florida-HERS BESTEST Tier 1 Reference Results—Monthly Heating Loads

for Cases L302A through L324B2 for Orlando, FL .. ..., 15
. Florida-HERS BESTEST Tier 1 Reference Results—Monthly Sensible Cooling Loads

for Cases L100A through L202A forOrlando, FL ................ ... ... ... iuiinnn. 16
. Florida-HERS BESTEST Tier 2 Reference Results—Annual Heating and Sensible

Cooling Loads for Orlando, FL . . .. .. ..ot e e 22

Florida-HERS BESTEST Tier 2 Reference Results—Monthly Heating Loads

for Orlando, FL . . ... .. i 23

Florida-HERS BESTEST Tier 2 Reference Results—Monthly Sensible Cooling Loads

forOrlando, FL . ... .. .o e 24

iv



3-1.

3-3.

3-4.

3-7.

3-8.

3-10.

List of Figures

Page
Florida-HERS BESTEST Tier 1 reference results—annual heating load
(L100A through L170A) for Orlando, FL . ...... ... ... ... i 6
Florida-HERS BESTEST Tier 1 reference results—annual heating load
(L200A through L324AB) forOrlando, FL . ...... .. .. ... .. . . i 7
Florida-HERS BESTEST Tier 1 reference results—delta annual heating load
(L100A through L170A) forOrlando, FL ... ... ... ... .. .. .. ... 8
Florida-HERS BESTEST Tier 1 reference results—delta annual heating load
(L200A through L324AB) forOrlando, FL . ........... ... ittt iiiiiaaannn. 9
Florida-HERS BESTEST Tier | reference results—annual sensible cooling load
for Orlando, FL ... .. o e e e 10
Florida-HERS BESTEST Tier 1 Reference results—delta annual sensible cooling load
forOrlando, FL . ....... .. ... .. i, P 11
Florida-HERS BESTEST Tier 2 reference results—annual heating load
forOrlando, FL ... ... . 18
Florida-HERS BESTEST Tier 2 reference results—annual sensible cooling load
forOrlando, FL ... ... .. i e 19
Florida-HERS BESTEST Tier 2 reference results—delta annual heating load
for Orlando, FL ... ... . 20
Florida-HERS BESTEST Tier 2 reference results—delta annual sensible cooling load
forOrlando, FL ... .. i 21



Acronyms and Abbreviations - Volume 1 and Volume 2

A

Abs

Abs In
Abs Out
ACH
AFUE
ASHRAE
AVG DIST
Base
BESTEST
Bsmt, Ins

Bsmt, Unins
CP

CFM
Coef
COG
COP

D

dir nor
DLEW
DOE
DW
EEM
E/W-Sha
E/W-Win
E,W,N,S
EOG

H
Heatcap
Hemis
HERS |
HUD
HV
HVAC
IEA
Ineff
Infiltr
Infl

Ins
INSUL

Int

k

LCR
Low abs
Low-E
Max

Area

Absorptance

Inner pane absorptance

Outer pane absorptance

Air changes per hour

Annual Fuel Utilization Efficiency

American Society of Heating, Refrigerating, and Air-Conditioning Engineers
Exterior wall area weighted window distribution

Base case

Building Energy Simulation Test

Basement coupled to ground with 2x4 16" o.c. R-11 insulated wall on interior side of
poured concrete wall

Uninsulated basement coupled to ground

Specific heat

Cubic feet per minute

Coefficient

Center of glass

Coefficient of performance

Door 3' x 6'8"

Direct normal

Double pane, low-e window with wood frame and insulated spacer
Department of Energy

Double pane, clear window with wood frame and metal spacer
Energy Efficient Mortgage

East/west window orientation with overhangs and fins

East/west window orientation

East, west, north, south

Edge of glass

Horizontal overhang projecting perpendicular to window surface
Heat capacity

Hemispherical

Home Energy Rating System

Housing and Urban Development

Horizontal overhangs and vertical fins projecting perpendicular to window surface
Heating, ventilating, and air-conditioning

International Energy Agency

Inefficient building

Infiltration (natural ventilation)

High infiltration rate

Well insulated

Slab-on-grade or basement with enough insulation to effectively decouple the slab from
the ground

Interior

Thermal conductivity

Load to collector area ratio

Exterior solar absorptance = 0.2 for selected surfaces

Low emissivity

Maximum

vi




Min
N/A
NAHB
NFRC
NREL
0.C
Orient
Pas Base
Pas Lo-mass

Pas N/S/E/W

Pas S-Sha
Pas 0-Win
Prop

R

Ref

Refl
S-Sha
S-Win
SATB

SC
S.GL.A
Shade
SHGC
SLAB
Slab, Ins
Slab, Unins
Surf
™Y
Trans

T1

T2

U

UA

UAinf
UNINS
uv

Val

VC

w

WP

O-Int
0-Win
1.0S
90% conf
o

ext

Minimum

Not applicable

National Association of Home Builders
National Fenestration Rating Council
National Renewable Energy Laboratory
On centers

Orientation

Passive solar base case

Passive solar with low mass

Passive solar with exterior wall area weighted window distribution

Passive solar with overhang

Passive solar with no windows

Property

Unit thermal resistance

Reference result

Reflectance

South window orientation with overhang
South window orientation

Single-pane window with aluminum frame and thermal break

Shading coefficient
Net south glass area (excluding window frames)

Window-shading device; horizontal overhang and/or vertical fins

Solar heat gain coefficient

Slab-on-grade

Slab-on-grade with 4' deep perimeter slab insulation
Uninsulated slab-on-grade coupled to ground
Surface

Typical meteorological year

Transmittance

Tier 1

Tier 2

Unit thermal resistance or overall heat transfer coefficient
Thermal conductance

Equivalent thermal conductance due to infiltration
Slab-on-grade or basement coupled to ground
Ultraviolet

Value

Vented crawl space

Window, 3'x §'

Window 2'6" x 5'5"

No internal gains

No windows

All windows are on the south wall

90% confidence interval

Exterior solar absorptance

vii



3.0 Final Results from Reference Programs: Tables and Graphs

This work is divided into two volumes. Volume 1 contains the test case specifications and is a user's manual
for anyone wishing to test a computer program. Volume 2 contains the reference results and suggestions for
accrediting agencies on how to use and interpret the results.

Tier 1 reference results are included in the figures and tables of Section 3.4. Tier 2 reference results are
presented in the figures and tables of Section 3.5. These results include tables and graphs of annual heating
and sensible cooling loads and tables of monthly heating and sensible cooling loads. Additional "delta" tables
and graphs show the differences between annual loads (sensitivity to variations) for each case relative to an
appropriate base case.

The following programs were used to generate the reference results:

* BLAST 3.0 Level 215
* DOE2.1E - 117
» SUNCODE 5.7.

BLAST is the program the U.S. Department of Defense uses for energy efficiency improvements to its
buildings (see BLAST User Reference, Volumes I and 2). DOE2.1E is considered to be the most advanced
of the programs sponsored by the U.S. Department of Energy and is the technical basis for setting national
building energy codes and standards in the United States (DOE-2 Reference Manual [May 1981]; DOE-2
Supplement [January 1994]). SUNCODE is based on the public domain program SERIRES-1.0 developed
by the National Renewable Energy Laboratory (Palmiter et al.).

Heating and sensible cooling load reference results were generated using Orlando, Florida TMY
weather data with separate simulations for heating only and cooling only as described in section 2.2.10.1
(Volume 1). :

Because reference results for slab-on-grade ground coupling include two sets of results (see Section 3.3), the
following labeling convention applies to Cases L302 and 1.304:

* Cases ending in "B" (e.g., L302B) are additional outputs using more detailed ground coupling methods.
* Use of the "AB" suffix in figures designates the combined results of specific "A" and "B" outputs (e.g.,
L302AB includes all L302A and L302B outputs).

Reference results for basement ground coupling include four sets of results (see Section 3.3). These additional
results were required to cover all modeling approaches resulting from two possible ground coupling models
and two possible zoning models. The following labeling convention applies to Cases 1.322 and L.324:

* Cases ending in "A1" (e.g., L322A1) use the ASHRAE method for modeling ground coupling with the
entire building modeled as a single zone.

* Cases ending in "A2" (e.g., L322A2) use the ASHRAE method for modeling ground coupling with the main
floor and basement modeled as separate zones.

* Cases ending in "B1" (e.g., L322B1) use more detailed ground coupling methods with the entire building
modeled as a single zone.

* Cases ending in "B2" (e.g., L322B2) use more detailed ground coupling methods with the main floor and
basement modeled as separate zones.

 Use of the "AB" suffix in figures designates the combined results of specific "A1," "A2," "B1," and "B2"
outputs (e.g., L322AB includes the L322A1, L322A2, L322B1, and L322B2 outputs).



The diskette included with Volume 2 contains the following:

» FHERS2.WK3—Lotus 3.1 spreadsheet file containing reference results. A brief index of the spreadsheet
contents is given, starting in cell a:al of the spreadsheet, and appropriate spreadsheet addresses are given
in small font in the tables.

* FHERS2.FM3—Lotus 3.1 WYSIWYG format file for FHERS2.WK3

* BLAST.ZIP—Compressed input files for BLAST 3.0 reference simulations

* DOE2.ZIP—Compressed input files including custom window library (W4LIB.DAT) for DOE2.1E
reference simulations

* SUNCODE.ZIP—Compressed input files for SERIRES/SUNCODE 5.7 reference simulations

* PKUNZIP.EXE—Decompression utility

* README.TXT—Directions for data decompression.

3.1 Comparing with HERS Programs that Designate Heating and Cooling Seasons

Tables of reference monthly heating and cooling load results are provided for comparing HERS tools that
designate heating and cooling seasons. For proper comparison with these types of HERS tools, simply sum
the appropriate reference monthly load results for the given heating or cooling season. For comparing HERS
tools that have heating or cooling seasons, or both, beginning/ending during mid-month, linearly interpolate
the monthly reference results for given months as appropriate.

"Delta" results were not tabulated for the monthly results. To develop reference "delta" results for comparison
with a HERS tool that designates heating and cooling seasons, do the following. For each set of cases that was
compared in the tabulation of the annual "delta" results (see Table 3-2 of Section 3.4 and Table 3-6 of
Section 3.5), take the differences of the seasonal sum of monthly reference results (sums per above paragraph).
The spreadsheet file on the diskette accompanying this report is helpful for generating seasonal absolute and
"delta” results as needed.

3.2 Example Pass/Fail Criteria

A program may be thought of as having successfully passed through the test series when its results compare
favorably with the reference program outputs on a case-by-case and sensitivity basis (difference or delta [A]
between certain cases). An example for developing pass/fail criteria based on a given set of reference results
is given in Appendix H (Volume 1); also see HERS BESTEST Chapter 4 (Judkoff and Neymark 1995b,
Volume 2). The certifying agency may choose to use the algorithm of Appendix H for developing pass/fail
criteria, or it may choose to develop pass/fail criteria using some other method.

3.3 Discussion of Selected Results

3.3.1 Detailed Ground Coupling Analysis Results for Cases L302B, L304B, L322B,
and L324B

The results for two types of ground coupling models included in Section 3.4 effectively widen the range of
reference results outputs (i.e, ease the passing criteria) for cases that include ground coupling analysis. This
was done in case a HERS provider is using a more sophisticated algorithm than the application of ASHRAE
steady-state heat transfer coefficients.



Case descriptions for the more detailed simulations of ground coupling in Cases L302B, L304B, L322B, and
L324B are provided in Appendix G (Volume 1). Some issues regarding simulation of detailed ground
coupling with the reference software are noted below.

In BLAST and DOE2.1E, the mathematical algorithms limit the amount of mass that these programs can
effectively model. Where soil thickness (conduction path length) was greater than what a program could
handle (generally 2-3 feet, depending on the case), an allowable soil amount was provided and the remaining
thickness modeled as steady-state resistance.

In running the reference simulations, which are restricted to one-dimensional heat-flow modeling, the
following methods were applied to approximate solar incidence on soil adjacent to the house:

e In BLAST, DOE2.1E, and SERIRES/SUNCODE, slab floors were associated with a skyward-facing,
horizontal solar-receiving surface, and exterior solar absorptance was reduced from 0.6 to 0.375 to account
for shading half of direct beam radiation at any given time. Because BLAST automatically accounts for
shading by the building, the horizontal receiving surface was located on the south side of the building to
avoid double counting the shading effect.

¢ In DOE2.1E and SERIRES/SUNCODE, below-grade walls were associated with a skyward-facing,
horizontal solar-receiving surface, and exterior solar absorptance was reduced from 0.6 to 0.375 to account
for shading half of direct beam radiation at any given time.

« In BLAST, below-grade walls were associated with skyward-facing, horizontal solar-receiving surfaces,
exterior solar absorptance was kept at 0.6, and the horizontal receiving surfaces were positioned to be
automatically shaded by the building.

3.3.2 Additional Basement Results for One- and Two-Zone Models

HERS BESTEST allows Cases L322A and L324A (basement series) to be modeled as one large zone or as
two smaller zones (main floor and basement as separate zones) as described in the Volume 1 case descriptions.
In certain cases, there was enough variation between the one- and two-zone results to justify publishing a
complete set of both results. Therefore, the basement results include four outputs for each reference simulation
of each case:

ASHRAE simplified ground coupling, one zone (output designation = A1)
ASHRAE simplified ground coupling, two zone (output designation = A2)
Detailed ground coupling, one zone (output designation = B1)
Detailed ground coupling, two zone (output designation = B2).

Because there are three reference simulation programs, there are a total of 12 reference outputs for each
basement case.

3.3.3 Exterior Surface Coefficient Effects

Part of the spread among the reference results can be explained by different assumptions regarding treatment
of heat transfer between external surfaces and the surrounding environment. This is especially evident in the
Case L200A heating load output. A sensitivity test with SERIRES/SUNCODE using Colorado Springs, CO
weather data - when comparing results using the combined exterior surface coefficients specified in Volume



1 versus those calculated by DOE2.1E (DOE2.1E's annualized average was input to SERIRES/SUNCODE) -
indicates the following annual heating loads for Case L200A:

* SERIRES/SUNCODE with Volume 1 exterior surface coefficient: 168 MBtu/y heating
» SERIRES/SUNCODE with DOE2.1E calculated exterior surface coefficient: 151 MBtu/y heating.

The roughly 10% effect of this parameter represents a legitimate algorithmic difference between the reference
programs. However, future research examining the preferred use of one algorithm over the other is justified

by the magnitude of this effect.



3.4 Tier 1 Reference Results

The following figures and tables present the Tier 1 reference results.

Figure 3-1. Florida-HERS BESTEST Tier 1 reference results—annual heating load (L.100A through
L170A) for Orlando, FL.

Figure 3-2. Florida-HERS BESTEST Tier 1 reference results—annual heating load (L200A through
L324AB) for Orlando, FL

Figure 3-3. Florida-HERS BESTEST Tier 1 reference results—delta annual heating load (L100A
through L170A) for Orlando, FL

Figure 3-4. Florida-HERS BESTEST Tier 1 reference results—delta annual heating load (L200A
through L324AB) for Orlando, FL

Figure 3-5. Florida-HERS BESTEST Tier 1 reference results—annual cooling load for Orlando, FL

Figure 3-6. Florida-HERS BESTEST Tier 1 reference results—delta annual cooling load for
Orlando, FL

Table 3-1. Florida-HERS BESTEST Tier 1 reference results—Annual Heating and Cooling Loads
for Orlando, FL

Table 3-2. Florida-HERS BESTEST Tier 1 Reference Results—Delta Annual Heating and Cooling
Loads for Orlando, FL

Table 3-3. Florida-HERS BESTEST Tier 1 Reference Results—Monthly Heating Loads for Cases
L100A through L202A for Orlando, FL

Table 3-4. Florida-HERS BESTEST Tier 1 Reference Results—Monthly Heating Loads for
Cases L302A through L324B2 for Orlando, FL:

Table 3-5. Florida-HERS BESTEST Tier 1 Reference Results—Monthly Sensible Cooling Loads
for Cases L100A through L202A for Orlando, FL
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2

Table 3-1. Florida-HERS BESTEST Tier 1 Reference Results—Annual Heating
and Sensible Cooling Loads for Orlando, FL

Annual Heating (MBtu/y) SERIRES/||Annual Cooling (MBtu/y) SERIRES/
Case # BLAST DOE2 SUNCODE|/Case # BLAST DOE2 SUNCODE
L100A 5.59 5.54 6.56L100A 43.34 50.38 48.81
L110A 9.54 8.69 10.71 {L110A 43.61 50.72 49.30
L120A 3.99 3.56 4.571L120A 4211 47.57 4583
L130A . 3.52 3.69 3.86||L130A 29.10 34.46 32.06
L140A 3.95 4.06 4 341L140A 16.55 20.75 18.26
L150A 4.80 4.37 5.55||IL150A 50.95 59.92 57.36
L155A 5.10 478 5.95{L155A 43.53 47.71 48.20
L160A 5.74 5.81 6.71||L160A 46.65 54.07 52.13
L170A 8.78 9.65 10.37}|L170A 32.95 36.63 36.61
L200A 17.41 18.29 21.55{{L200A 45.75 54.51 55.58
L202A 17.87 20.11 22.24|(L202A 40.69 45.02 48.72
L302A 7.14 7.14 8.09
L302B 4.00- 410 3.96
L304A 5.66 5.69 6.36
L304B 3.18 3.08 3.03
L322A1 8.28 8.79 10.42
L322A2 8.94 8.67 10.82
L322B1 3.75 3.96 444
L32282 5.53 6.05 5.81
L324A1 5.49 5.64 5.94
L324A2 5.22 498 6.15
L324B1 2.40 213 2.78
1L324B2 3.70 3.57 4.05

thers2.wk3 fal.h3l; 28-Apr-97



Table 3-2. Florida-HERS BESTEST Tier 1 Reference Results— Delta Annual
Heating and Sensible Cooling Loads for Orlando, FL

13

Delta Annual Heating (MBtu/y) SERIRES/| Delta Annual Cooling (MBtu/y) SERIRES/
Case BLAST DOE2 SUNCODE | Case BLAST DOE2 SUNCODE
L110A-L100A 3.95 4.15 4.15§L110A-L100A 0.27 0.32 048
L120A-L100A -1.61 -1.98 -1.99[L120A-L100A -1.23 -2.83 -2.89
L130A-L100A -2.07 -1.85 -2.70{ L130A-L100A -14.24 -15.84 -16.76
L140A-L100A -1.64 -1.48 -2.22L140A-L100A -26.79 -29.64 -30.56
L150A-L100A -0.80 -1.17 -1.01§L150A-L100A 7.61 9.53 8.55
L155A-L150A 0.31 0.41 0.40(L155A-L150A -7.42 -12.21 -8.16
L160A-L100A 0.15 0.28 0.15|L160A-L100A 3.31 3.68 3.31
L170A-L100A ° 3.18 4.1 3.81L170A-L100A -10.39 -13.76 -12.20
L200A-L100A 11.81 13.75 14.99|L200A-L100A 2.41 4.12 6.77
L202A-L200A 0.47 0.82 0.69{ L 202A-L.200A 5.06 9.49 6.86
L302A-L100A 1.54 1.60 1.53
L302B-L100A -1.59 -1.44 -2.60
L302A-L304A 1.48 1.45 1.73
L302B-L.304B 0.82 1.02 0.82
L322A1-L100A 3.69 4.25 3.86
L322A2-L100A 3.34 3.14 4.26
L.322B1-L100A -1.84 -1.58 212
L.322B2-L100A -0.06 0.51 -0.75
L322A1-L324A1 3.78 4.15 447
L322A2-L.324A2 3.72 3.70 467
L32281-1324B1 1.35 1.83 1.67
L32282-1.324B2 1.83 247 1.76
fhers2.wk3 g:a1.h30; 28-Apr-97



Table 3-3. Florida-HERS BESTEST Tier 1 Reference Resuits— Monthly
Heating Loads for Cases L100A through L202A for Orlando, FL

BLAST 3.0 Monthly and Total Heating Loads (MBtufy)

L100A L110A L120A L130A L140A L150A L155A L160A L170A L200A L202A
Jan 220 347 168 153 167 181 198 229 307 572 586
Feb 076 136 050 044 053 063 070 076 129 261 268
Mar 043 08 026 021 023 040 047 041 081 180 185
Apr 008 021 005 004 005 009 011 007 020 065 067
May 000 000 000 000 000 000 000 000 000 002 002
Jun 000 GGO 000 000 000 000 000 000 000 000 0.0
Jul 000 000 000 000 000 000 000 000 000 000 0.0
Aug 000 000 000 000 000 000 000 000 000 000 000
Sep 000 000 000 000 000 000 000 000 000 000 0.0
Ot 003 010 001 000 000 002 002 003 010 031 032
Nov 023 054 010 008 009 016 018 025 054 123 127
Dec -186 300 139 123 138 159 164 194 277 508 521
Tot 550 054 389 352 305 480 510 574 878 1741 17.87
e
DOE2.1E Monthly and Total Heating Loads (MBtu/y)

L100A L110A L120A L130A L140A L1S0A L155A L160A L170A L200A L202A
Jan 212 342 150 152 166 170 180 223 321 608 633
Feb 077 141 045 049 055 059 065 080 145 290  3.03
Mar 044 089 023 025 027 039 045- 042 093 204 214
Apr 010 027 004 005 006 010 014 008 030 088 093
May 000 000 000 000 000 000 000 000 000 007 008
Jun 000 000 000 000 000 000 000 000 000 000 0.0
Jul 000 000 000 000 000 000 000 000 000 000 0.0
Aug 000 000 000 000 000 000 000 000 000 000 0.0
Sep 000 000 000 000 000 000 000 000 000 000 0.0
Oct 004 042 001 001 001 002 004 005 015 040 041
Nov. 027 o061 010 012 013 016 021 032 068 149 156
Dec 180 297 122 125 138 140 150 191 293 542 564
Tot 554 069 356 3.68 406 437 478 581 965 1929 20.11
[SERIRES/SUNCODE 5.7 Monthly and Total Heating Loads (MBtuy)

L100A L110A L120A L130A L140A L150A L155A L160A L170A L200A L202A
Jan ~ 255 386 1.91 166 179 220 228 265 356 707 7.27
Feb 082 15 060 050 05 076 08 082 156 326 3.38
Mar 048 093 027 021 027 045 054 043 094 219 228
Apr 010 024 005 004 0068 010 013 008 025 077 082
May 000 000 000 000 000 000 000 000 000 002 0.03
Jun 000 000 000 000 000 000 000 000 000 000 000
Jul 000 000 000 000 000 000 000 000 000 000 000
Aug 000 000 000 000 000 000 000 000 000 000 0.0
Sep 000 000 000 000 000 000 000 000 000 000 000
Oct 003 041 001 000 001 002 002 004 013 037 039
Nov. 030 065 013 010 013 020 023 032 069 157 161
Dec 219 336 161 135 150 184 190 228 323 629 647
Tot 656 1071 457 3.86 434 555 595 671 1037 2155 2224

thers2.wk3 d:al.l57 28-Ap-97
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Table 3-4. Florida-HERS BESTEST Tier 1 Reference Results— Monthly
Heating Loads for Cases L302A through L324B2 for Orlando, FL

[BLAST 3.0 Monthly and Total Heating Loads (MBtu/y)

L302A L3028 L304A L304B L322A1 L322A2 L322B1 L322B2 L324A1 L324A2 L324B1 L324B2
Jan  2.60 1.84 216 150 343 3.39 204 258 224 220 1.36 1.70
Feb 101 048 078 038 131 125 025 060 072 066 0.3 046
Mar 064 013 047 009 080 073 002 020 038 032 001 0.14
Aor 016 002 010 001 019 046 000 003 007 006 000 002
May 000 000 000 000 000 000 000 000 000 000 000 0.0
Jun 000 000 000 000 000 000 000 000 000 000 000 000
Jul 000 000 000 000 000 000 000 000 000 000 000 000
Aug 000 000 000 000 000 000 000 000 000 000 000 000
Sep 000 000 000 000 000 0.00 000 000 000 000 000 000
Oct 008 000 005 000 009 006 000 000 001 000 000 000
Nov 040 004 027 002 049 041 000 006 047 043 000 003
Dec 223 149 183 118 297 295 144 206 189 184 080 134
Tot -7.14 400 666 318 928 894 375 553 6549 522 240 3.70

DOEZ2.TE Monthly and Total Heating Loads (MBtu/y)
L302A L3028 L304A L3048 L322A1 L322A2 L322B1 L322B2 L324A1 L324A2 L324B1 L324B2

Jan 2.55 1.84 2.10 1.46 345 3.23 2.12 2.73 220 2.07 1.24 1.58
Feb 1.03 0.51 0.80 035 1.41 1.21 0.26 0.65 0.77 0.64 0.08 0.46
Mar 0.65 0.12 0.48 0.07 0.80 0.72 0.01 0.20 043 0.31 0.00 0.14
Apr 0.19 0.02 0.12 0.01 0.29 0.18 0.00 0.03 0.09 0.06 0.00 0.02
May 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Jun 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Jul 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Aug 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sep 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Oct 0.09 0.00 0.06 0.00 0.13 0.08 0.00 0.00 0.03 0.01 0.00 0.00
Nov 0.44 0.07 0.32 0.03 0.61 0.46 0.00 0.11 025 0.15 0.00 0.0
Dec 2.20 1.54 1.78 1.17 2.99 2.80 1.58 2.32 1.87 1.74 0.80 1.30
Tot 7.14 4.10 569 3.08 8.7¢ 8.67 3.86 6.05 564 4.98 2.13 3.57

[SERIRES/SUNCODE 5.7 Monthly and Jotal Heating Loads (MBtwy)

L302A L302B L304A L304B L322A1 L322A2 L322B1 L322B2 L324A1 L324A2 L324B1 L324B2
Jan 297 1.81 242 143  3.88 397 249 288 245 250 165 193
Feb 117 057 090 044 150 156 067 089 079 083 044 064
Mar 068 009 049 006 083 08 008 029 035 038 007 025
Apr 016 000 040 000 019 022 000 005 006 007 000 004
May 000 000 000 000 000 000 000 000 000 000 000 000
Jun 000 000 000 000 000 000 000 000 000 000 000 000
Jl 000 000 000 000 000 000 000 000 000 000 000 000
Augg 000 000 000 000 000 000 000 000 000 000 000 000
Sep 000 000 000 000 000 000 000 000 000 000 000 000
Ot 008 000 004 000 008 009 000 000 001 001 000 0.0
Nov 046 001 032 000 057 059 000 007 019 021 000 003
Dec 257 147 208 110 337 349 121 164 208 215 062 1.5
Tot 809 396 636 3.03 1042 10.82 444 6581 594 6.15 278  4.05

thers2.wk3 dnl.257; 28-Apr-97



Table 3-5. Florida-HERS BESTEST Tier 1 Reference Results— Monthly
Sensible Cooling Loads for Cases L100A through L202A for

Orlando, FL

BLAST 3.0 Monthly and Total Sensible Cooling Loads (MBtufy)
L100A L110A L[120A L130A L140A L150A L155A L160A L170A L200A L202A

Jan 0.76 0.61 0.81 0.28 0.01 2.19 1.73 0.43 0.47 0.56 0.40
Feb 1.09 0.88 1.16 0.46 0.08 2.38 157 0.91 0.68 0.80 0.62
Mar 234 2.18 2.38 1.31 0.37 3.25 2.10 249 1.71 2.18 1.86
Apr 3.1 2.83 3.10 1.83 0.72 3.16 235 3.88 2.28 2.87 244
May 5§13 524 4.92 3.55 2.01 4.67 443 6.17 4.04 5.62 5.00
Jun 5§82 6.18 5.63 425 2.72 5.51 5.43 6.67 4.65 6.64 6.00
Jul 6.55 6.95 6.18 4.78 3.23 6.13 6.03 7.38 5.20 7.62 6.95
Aug 6.48 6.87 6.10 474 3.23 6.33 5.81 7.25 5.10 7.54 6.86
Sep 517 5.36 5.00 3.7 2.36 5.54 4.61 5.53 3.94 5.60 5.13
Oct 3.83 3.89 3.87 265 1.37 535 426 3.83 2.85 3.9 3.46
Nov - 2.31 2.13 235 1.32 0.46 4.39 3.58 1.86 1.67 2.08 1.74
Dec 0.54 0.38 0.60 0.13 0.00 2.05 1.63 0.26 0.27 0.35 0.24
Tot 4334 4361 4211 2910 1655 5085 4353 4665 3295 4575 4069

[DOE2.1E Monthly and Total Sensible Cooling Loads (MBtw/y)

L100A L110A L120A L130A L140A L150A L155A L160A L170A L200A L202A
Jan 1.26 1.04 127 0.55 0.05 323 2.55 0.83 0.79 1.06 0.69
Feb 1.72 144 1.71 0.81 0.18 345 254 146 1.10 1.40 0.96
Mar 3.05 2.86 2.94 1.78 0.64 420 292 3.30 2.16 2.99 2.32
Apr 3.79 3.61 3.61 243 1.12 3.87 2.65 476 2.68 3.72 2.87
May 5.66 5.82 5.25 403 2.52 5.00 440 6.91 427 6.43 533
Jun 6.39 6.72 591 4.74 3.29 5.68 5.29 7.29 4.78 7.36 6.29
Jul 6.98 7.45 6.43 5§25 3.78 6.31 5.87 7.93 5.26 8.28 7.18
Aug 6.90 7.37 6.37 5.1¢ 3.74 6.67 5.78 7.75 5.18 8.20 7.08
Sep 5.81 6.04 5.49 425 2.88 6.37 476 6.16 423 6.43 5.58
Oct 4.71 468 452 3.22 1.81 6.46 446 455 3.41 4.86 4.01
Nov 3.08 2.87 3.02 1.84 0.69 559 416 2.52 2.18 2.96 2.24
Dec 1.02 0.81 1.04 0.37 0.03 3.08 2.33 0.61 0.58 0.82 0.49
Tot 5039 50.72 4757 3446 20.75 5892 4771 5407 3663 5451 4502

[SERIRES/SUNCODE 5.7 7 Monthly and Total Sensible Cooling Loads (MBtury)
L100A L110A L120A L130A L140A L150A L155A L160A L170A L1200A [202A

Jan 0.83 0.68 0.82 0.31 0.02 237 1.87 0.50 0.50 0.68 047
Feb 1.30 1.08 1.27 0.58 0.11 272 1.86 1.08 0.81 1.06 0.77
Mar 2.79 2.62 2.66 1.57 0.51 3.75 253 2.95 2.01 2.85 232
Apr 3.68 3.51 3.49 226 0.94 3.78 282 4.46 2.69 3.75 3.05
May 5§72 5.87 5.33 3.84 2.18 5.25 4.98 6.82 445 6.80 5.97
Jun 6.56 6.86 6.12 458 2.92 6.12 6.06 735 5.09 7.80 7.11
Jul 7.24 7.68 6.70 513 3.45 6.81 6.68 8.10 5.65 9.01 8.21
Aug 7.10 7.54 6.59 5.04 3.41 6.99 6.38 7.88 5.50 8.83 8.07
Sep 5.94 6.14 5.58 4186 2.63 6.43 5.33 6.26 447 6.90 6.21
Oct 4.47 4.44 4.28 2.95 1.83 6.06 4.89 432 3.31 4.81 418
Nov 2.57 2.40 2.51 1.46 0.52 4.85 4.02 2.07 1.83 254 2.08
Dec 0.62 0.47 0.60 0.18 0.02 2.23 1.78 0.34 0.31 0.46 0.30
Tot 4881 4930 4593 3206 1826 §57.36 4820 5213 36.61 5558 48.72

fhers2.wk3 d:ag6l..ar117 28-Apr-97
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3.5 Tier 2 Reference Results

The following figures and tables present the Tier 2 reference results.

Figure 3-7. Florida-HERS BESTEST Tier 2 reference results—annual heating load for Orlando, FL

Figure 3-8. Florida-HERS BESTEST Tier 2 reference results-—annual sensible cooling load for
Orlando, FL

Figure 3-9. Florida-HERS BESTEST Tier 2 reference results—delta annual heating load for Orlando,
FL

Figure 3-10. Florida-HERS BESTEST Tier 2 reference results—delta annual sensible cooling load for
Orlando, FL

Table 3-6. Florida-HERS BESTEST Tier 2 Reference Results—Annual Heating and Sensible Cooling
Loads for Orlando, FL

Table 3-7. Florida-HERS BESTEST Tier 2 Reference Results—Monthly Heating Loads for Orlando,
FL

Table 3-8. Florida-HERS BESTEST Tier 2 Reference Results—Monthly Sensible Cooling Loads for
Orlando, FL.
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Figure 3-7. Florida-HERS BESTEST Tier 2 reference results—annual heating load for
Orlando, FL
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Figure 3-8. Florida-HERS BESTEST Tier 2 reference results— annual sensible
cooling load for Orlando, FL.
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Figure 3-9. Florida-HERS BESTEST Tier 2 reference results—delta annual

. heating load for Orlando, FL.
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Figure 3-10. Florida-HERS BESTEST Tier 2 reference results—delta annual sensible
cooling load for Orlando, FL
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Table 3-6. Florida-HERS BESTEST Tier 2 Reference Results— Annual
Heating and Sensible Cooling Loads for Orlando, FL

[\
o

Annual Heating (MEtwy) Annual Cooling (MBtuy)

SERIRES/ SERIRES/
Case # BLAST DOE2 SUNCODE |Case # BLAST DOE2 SUNCODE
L165A 6.13 = 655 7.18L165A 4147 39.56 46.64
P100A 0.11 0.06 0.15{P100A 4954 5§5.77 54.09
P105A 0.14 0.10 0.19| P105A 43.51 45.85 4735
P110A . 0.95 0.88 1.02|P110A 54.08 60.13 57.99
P140A 1.29 1.01 1.31]P140A 1343 16.96 14.05
1TP150A 0.58 0.54 0.73]P150A 41.30 45.08 4529

[Delta Annual Heating (MBtu/y) Deita Annual Cooling (MBiu'y)

B SERIRES/ ‘ SERIRES/
Case BLAST DOE2 SUNCODE jCase BLAST DOE2 SUNCODE
L165A-L160A 0.39 0.74 0.47|1.165A-1.160A -5.18 -14.52 -5.49
P105A-P100A 0.03 0.04 0.04{ P105A-P100A -6.03 -9.92 -6.74
P110A-P100A 0.85 0.82 0.87| P110A-P100A 454 4.36 3.91
P140A-P100A 1.18 0.95 1.16) P140A-P100A -36.11 -38.81 -40.04
P150A-P100A 0.48 0.48 0.58) P150A-P100A -8.24 -10.68 -8.80

fhers2.wk3 g:236.161; 28-Apr-97




Table 3-7. Florida-HERS BESTEST Tier 2 Reference Results— Monthly
Heating Loads for Orlando, FL

BLAST 3.0 Monthly and Total Heating Loads (MBtu/y)
L165A P100A P105A P110A P140A P150A

Jan 2.42 0.11 0.14 0.57 0.75 0.44
Feb 0.82 0.00 0.00 0.06 0.08 0.00
Mar 0.43 0.00 0.00 0.02 0.00 0.00
Apr 0.08 0.00 0.00 0.00 0.00 0.00
May 4 0.00 0.00 0.00 0.00 0.00 0.00
Jun 0.00 0.00 0.00 0.00 0.00 0.00
Jul 0.00 0.00 0.00 0.00 0.00 0.00
Aug 0.00 0.00 0.00 0.00 0.00 0.00
Sep 0.00 0.00 0.00 0.00 0.00 0.00
Oct _ 0.04 0.00 0.00 0.00 0.00 0.00
Nov 0.28 0.00 0.00 0.00 0.00 0.00
Dec 2.08 0.00 0.00 0.30 0.45 0.15
Tot 6.13 0.11 0.14 0.85 1.29 0.58

DOE2.1E Monthly and Total Heating Loads (MBtufy)
L165A P100A P105A P110A P140A P150A

Jan 2.50 0.06 0.10 0.51 0.63 0.40
Feb 0.91 0.00 0.00 0.07 0.04 0.00
Mar 0.49 0.00 0.00 0.03 0.00 0.00
Apr 0.10 0.00 0.00 0.00 0.00 0.00
May 0.00 0.00 0.00 0.00 0.00 0.00
Jun 0.00 0.00 0.00 0.00 0.00 0.00
Jul 0.00 0.00 0.00 0.00 0.00 0.00
Aug 0.00 0.00 0.00 0.00 0.00 0.00
Sep 0.00 0.00 0.00 0.00 0.00 0.00
Oct 0.06 0.00 0.00 0.00 0.00 0.00
Nov 0.36 0.00 0.00 0.00 0.00 0.00
Dec 2.14 0.00 0.00 0.27 0.34 0.14
Tot : 6.55 0.06 0.10 0.88 1.01 0.54

SERIRES/SUNCODE 5.7 Monthly and Total Heating Loads (MBtu/y)
L165A P100A P105A P110A P140A P150A

Jan 2.80 0.15 0.18 0.61 0.76 0.51
Feb 0.98 0.00 0.00 0.06 0.08 0.00
Mar 0.47 0.00 0.00 0.02 0.00 0.00
Apr 0.09 0.00 0.00 0.00 0.00 0.00
May 0.00 0.00 0.00 0.00 0.00 0.00
Jun 0.00 0.00 0.00 0.00 0.00 0.00
Jul 0.00 0.00 0.00 0.00 0.00 0.00
Aug 0.00 0.00 0.00 0.00 0.00 0.00
Sep 0.00 0.00 0.00 0.00 0.00 0.00
Oct 0.04 0.00 0.00 0.00 0.00 0.00
Nov 0.37 0.00 0.00 0.00 0.00 0.00
Dec 2.44 0.01 0.01 0.32 0.47 0.22
Tot 7.18 0.15 0.19 1.02 1.31 0.73
fhers2.wk3 d:bal120..bh173 28-Apr-97
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Table 3-8. Florida-HERS BESTEST Tier 2 Reference Results— Monthly
Sensible Cooling Loads for Orlando, FL

BLAST 3.0 Monthly and Total Sensible Cooling Loads (MBtu/y)
L165A P100A P105A P110A P140A P150A

Jan 0.21 212 1.81 3.05 0.00 0.60
Feb 0.62 2.50 1.86 3.20 0.00 1.04
Mar 2.01 3.26 2.18 3.82 0.16 2.30
Apr 3.32 3.16 2.36 3.50 0.49 3.16
May ) 5.56 4.36 4.16 4.56 1.60 4.84
Jun 6.21 5.18 5.13 5.20 2.26 5.60
Jui 6.85 5.60 5.53 5.61 2.64 6.05
Aug 6.76 5.76 5.31 5.78 2.64 5.6
Sep 5.12 5.41 452 5.42 2.06 5.05
Oct 3.29 5.55 4.61 5.77 1.21 4.00
Nov 1.39 4.71 4.20 5.22 0.37 2.39
Dec 0.13 1.82 1.75 2.95 0.00 0.31
Tot 41.47 49.54 43.51 54.08 13.43 41.30

DOE2.1E Monthly and Total Sensible Cooling Loads (MBtufy)
L165A P100A P105A P110A P140A P150A

Jan 0.31 2.91 2.54 3.89 0.08 0.83
Feb 0.66 3.27 2.62 3.94 0.06 1.42
Mar 2.08 3.85 2.78 435 = 041 267
Apr 3.21 3.50 2.45 3.84 0.86 3.43
May 5.21 4.48 . 3.98 4.65 2.05 5.05
Jun 5.73 5.20 4.86 522 2.72 5.78
Jul 6.31 5.69 5.32 5.70 3.10 6.23
Aug 6.22 6.02 5.26 6.03 3.07 6.15
Sep 4.87 6.03 456 6.04 2,50 5.3¢
Oct 3.29 6.38 4,58 6.57 1.60 4.48
Nov 1.51 5.67 4.58 6.12 0.57 2.92
Dec 0.18 2.76 2.32 3.77 0.00 0.62

Tot 38.56 55.77 45.85 60.13 16.86 45.08

SERIRES/SUNCODE 5.7 Monthly and Total Sensible Coaling Loads (MBL/y)
L165A P100A P105A P110A P140A P150A

Jan 0.28 2.33 2.07 3.12 0.00 0.76
Feb 0.77 2.80 212 3.42 0.00 1.31
Mar 2.44 3.67 2.46 412 0.21 2.7
Apr 3.86 3.55 2.59 3.87 0.58 3.55
May 6.18 4.69 4.47 4.85 1.68 5.21
Jun 6.87 5.53 5.48 5.55 2.34 5.86
Jul 7.56 5.99 5.89 6.00 272 6.41
Aug 7.36 6.14 5.62 6.16 2.70 6.28
Sep 5.81 6.01 4.95 6.02 217 5.52
Oct 3.75 6.08 5.08 6.28 1.28 441
Nov 1.58 5.12 4.61 5.56 0.39 2.70
Dec 0.19 2.19 2.00 3.04 0.00 0.49
Tot . 46.64 54.09 47.35 57.98 14.05 45.29

fhers2.wk3 d:bal77.bh232; 28-Apr-97
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